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WIND POWER STATION 

The present invention relates to arrangements for a floating wind power station 
tower wherein the effective centre of gravity of the tower is below its centre of 
buoyancy in that the tower is anchored to the seabed, directly or via tension legs 
The effective centre of gravity of the wind power station at any given time is 
determined by the total weight and shape of the power station and the effect of 

weight, shape and any tensile forces from the anchoring system. This means that 
the position of the effective centre of gravity can be maintained by various " 
combinations of ballast and tension from the anchoring system, i.e., that a reduced 
ballast can be offset by increased tensile force from the anchoring system. More 
specifically, the invention relates to an almost vertical swivel joint/rotary joint that 
connects the tower to a torsion-proof foundation, where the direction of the axis of 
rotation can deviate slightly from the perpendicular through the axis that passes 
through a rotor. A rotor housing is connected in a torsion-proof manner to an upper 
part of the tower. The axial direction of the swivel joint ensures that the wind 
forces against the rotor apply a torque to the tower which maintains the rotor in a 
favourable position relative to the wind direction at all times. As a result of this 
effect, the design of the tower can be optimised, in that the maximum bending 
stress occurs in a plane that coincides with the centre axis through the tower and 
20 the centre axis tiirough the rotor. 

In the case of vertically floating wind power station towers which float in that the 
effective centre of gravity is below the centre of buoyancy of the tower, the tower 
being anchored to the seabed, directly or via tension legs, the tower will be 
subjected to large bending moments, to obtain sufficient stability, a tower of this 
25 kind will be roughly twice as high as a similar conventional tower located on land. 

The bending moments occur both because of the effect of the waves on the 
structure and because of the force of the wind against the wind power generator 
rotor at the top of the tower. When the tower leans because of the wind force, the 
effect of the vertically upward directed buoyancy force will act as a flexible 

30 support for the tower in the whole area from the water surface down to where the 
tower has positive buoyancy. Therefore, the effective lever arm will be longer than 
in the case of a similar tower which has its foundation on land and hence a shorter 
total tower length. In addition, the bending moments in the tower wiU also often 
be greater than for corresponding towers on land if an attempt is made to utilise the 

35 higher average wind speed found at sea. 

Because the tower leans when subjected to the wind forces, it will be desirable to 
set the rotor at an angle other than 90 degrees to the tower to ensure that the axis of 
the rotor remains approximately horizontal. This means that the rotor blades could 
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Strike against the tower if the rotor is positioned on the windward side of the tower 
It will therefore be desirable to be able to position the rotor on the leeward side of ' 
the tower. However, this causes the disadvantage that the rotor blades pass through 
the shadow area behind the tower each time a blade passes the 6 o'clock position 
which results in a sudden change of the wind pressure against the blades and thus 
substantial fatigue stress. 

If the axis of the rotor is positioned on the tower at angle other than 90 degrees to 
the tower, as described above, the torque from the rotor, which is converted into 
energy m the wind power station generator, will also be partly transferred as a 
torque down through the tower. This will cause the wind power station to have a 
tendency to turn away from the wind if it is not non-rotationally secured to the 
seabed. If the wind power station is held in place in a non-rotational manner the 
more or less constant torque will have to be handled by the directional motors or 
brakes of the wind power station mounted between the machine house and the 
15 tower. 

The object of the invention is to remedy the disadvantages of the prior art. 

This object is achieved by the features that are disclosed in the description below 
and in the following claims. 

The invention is based on moving one of the floating wind power station's 
arrangements for maintaining direction relative to wind, as described above from 
an upper part of the wind power station tower to its lower part. A tower's swivel 
joint with an essentially vertical centre axis, and essentially coincident with the 
perpendicular to a centre axis through a wind power station rotor, is mounted on 
the lower part of the tower. A machine house containing wind power station rotor 
gear housmg and generator, or transfer transmission to the gear housing and the 
generator located lower down on the tower, is non-rotationally connected to the 
wind power station tower. 

The lower part of the tower is connected to the seabed, or to a tension leg anchored 
to the seabed, hereinafter called the anchor system. The connection between the 
tower and the anchor system consists of a freely bendable, torsion-proof joint 
(universal joint) according to prior art per se. 

In what follows 

a) a centre axis through the rotor of a wind power station is called the rotor 
axis of rotation; and 

b) a centre axis through the swivel joint of the wind power station is called 
the tower axis of rotation. 
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The said position of the turning devices of the wind power station means that the 
wind will always come from the same side of the tower, in that the whole tower is 
turned into the wind together with the machine house and rotor. This has an effect 
on how the tower can be built, as the tower is subjected to the greatest stress from a 
clearly defined direction. 

If the resulting point of application of forces applied to the tower by ocean currents 
and waves is in the tower axis of rotation, the tower will not be turned by the 
forces from ocean currents and wind. For a tower with a circular cross-section and 
rectilinear centre axis, it is thus advantageous that the tower axis of rotation and 
the centre axis of the tower should be coincident to prevent the tower from being 
made to turn by ocean currents and waves. 

The torque of the rotor is transferred to a generator. How this affects the stability 

of the tower depends on the direction of the rotor axis of rotation relative to the 

tower axis of rotation. There are two different situations: 
15 a) The rotor axis of rotatibn is at right angle to the tower axis of rotation: 

The torque is transferred to the tower as bending moment; 

b) The rotor axis of rotation is not at right angles to the tower axis of rotation: 
The torque is transferred to the tower partly as bending moment, and 
partly as torque about the tower axis of rotation. 

20 The tower is also affected by the wind forces against the rotor blades, as the total 
wind force against the blades will apply a torque to the tower about the tower axis 
of rotation if the common point of application of the forces is not coincident with 
the tower axis of rotation. If said point of application is in front of the tower axis 
of rotation when seen in the wind direction, the wind forces will try to turn the 
tower so that the rotor is positioned on the opposite side, that is, on the leeward 
side of the tower. 



25 



30 



Consequently, the direction of the tower axis of rotation is used to control how the 
tower and its rotor are to be oriented relative to the wind. Thus, the fact that the 
tower turns constantly with the wind means that a major advantage is obtained as 
regards material consumption, weight and the cost of building a floating wind 
power station tower. 

The most important design factor for a wind power station tower is in fact the 
bending stress in the wind direction caused by the wind pressure against the rotor, 
machine house and tower: For an ordinary tower with a rotating machine house, * 
35 the tower must be dimensioned for wind pressure from all directions. The use of a 
tower which turns with the wind will allow the tower to be built to absorb the 
greatest forces in just one direction. 



wo 2004/097217 



4 



PCT/NO2004/000119 



If the tower axis of rotation intersects the rotor axis of rotation in front o/the rotor 
that is to say, in front of the centre of the point of application of the wind forces oJ 
the rotor, when seen in the direction of the rotor, and where the machine house and 
tower are behind the rotor, the tower will be kept turned into the wind with the 
5 rotor on the windward side of the tower.. 

If the tower axis of rotation intersects the rotor axis of rotation behind the rotor " 
that is to say, behind the centre of the point of application of the wind forces on the 
rotor, when seen in the direction of the rotor, and where the machine house and the 
tower are behind the rotor, the tower will be kept turned with the wind, so that the 
10 rotor is on the leeward side of the tower. 

When the intersection of the said axes of rotation is close to the rotor the 
rotational stability of the tower will be small. The rotational stability' increases as 
the distance between said intersection and rotor increases. 

It is desirable to keep the rotor axis of rotation essentially horizontal during 
15 operation. Because of the wind forces against the tower, the tower will lean in the 
wmd direction. It is also desirable to maintain a certain distance between the tower 
and the outer ends of the rotor blades to prevent the blades from striking against 
the tower in strong wind. One consequence of the two said factors is that it is 
advantageous to keep the rotor on the leeward side of the tower. The tower axis of 
rotation is thus advantageously positioned so that the tower axis of rotation 
intersects the rotor axis of rotation behind the rotor, when seen in the direction of 
the rotor with the machine house and tower behind the rotor. 

The windward side of the tower is provided with bracing/rods suitable for 
absorbing the bending stresses which are primarily exerted in a plane coincident • 
with the wmd direction and/or the wave direction. The bracing/rods can be made 
by connecting one or more tension rods from the upper part of the tower to the 
lower part of the tower via one or more oufriggers preferably in the vicinity of the 
cenfral part of the tower, or at a part where the bending moments of the tower are . 
greatest. . . 

The upper part of the tower advantageously has an aerodjmamic profile to prevent 
or minimise turbulence on the leeward side of the tower. Thus, the disadvantages 
are minimised in that the rotor blades are subjected to reduced wind pressure each 
time they pass the leeward side of the tower. In this way the danger of fatigue 
sfress is reduced, as the load variations on the blades are minimised. 

If the wind direction changes over a short period of time without the tower being 
turned with it fast enough, the wind may exert substantial transverse forces on the 
tower and create turbulence behind the tower. To counteract this, the rear edge" of 
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the aerodynamic profile can be made flexible or the whole profile can be mounted 
on the tower so that it is allowed to turn to a certain degree with the wind without 
the tower being turned. Thus, the wind forces themselves will ensure that the 
aerodynamic profile always is always in the wind direction. Optionally the profile 
may be provided with damping so that its adaptation to the changed wind direction 
IS smoother. 

As the swivel joint of the tower is mounted close to the universal joint, the bending 
monient on the swivel joint is almost zero. Thus, the swivel joint can be made 
smaller and less expensive than a conventional swivel system located by the 
machine house on top of the tower. A conventional swivel system must be 
dimensioned for relatively large bending stresses from the rotor of the wind power 
Station. ^ 

The swivel joint could be mounted coincident with the centre axis of the tower 
The wind power station will then take up a position with the rotor on its leeward 
side, m the same way as a weathercock. Because of the tilt of the tower caused by 
aie wind forces, a tilt which will typically be about 5-20 degrees static, and the 
desire to maintain the rotor axial direction essentially horizontal during operation 
the rotor will typically be mounted at a static angle of 90 degrees + 5-20 degrees = 
95-1 10 degrees between the rotor axis of rotation and the tower axis of rotation.- 

As the rotor axis of rotation is not at right angles to the tower axis of rotation the 
torque that is transferred from the rotor through the generator will apply a torque to 
^e tower around the tower axis of rotation. This is unfavourable as it means that 
the rotor has a tendency to be turned away from the wind direction. Because the 
swivel joint essentially does not absorb bending moment, the tower axis of rotation 
can be set at right angles to the rotor axis of rotation, that is to say, "askew" 
relative to the centre axis of the tower and at the same number of degrees as the 5- ' 
20 degrees mentioned above. Thus, the tower will no longer have a tendency to 
turn the rotor axis away from the wind direction. 

The wind power station cables for the transmission of electric power run from the 
generator through the tower and down to the seabed. To minimise the twisting of 
the cable when the wind power station is turned with the wind through one or more 
revolutions m the same direction, it is an advantage that the cable should run along 
the centre through the tower's swivel device and universal joint at the bottom of the 
tower. The universal joint is therefore advantageously provided with an open 
35 CKitre according to prior art per se. 

To prevent the cable connection through the swivel joint from being twisted as a 
result of the tower turning several times with the change of direction of the wind, 
the swivel joint is appropriately provided with devices for forced rotation of the 
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tower back to a position that is neutral for the cables. The devices for forced 
rotation are advantageously combined with devices for preventing any locking of 
the turning function, for example by using one or more hydraulically operated 
motors. 

5 Below follows a description of a non-limiting example of a preferred embodiment 
that is illustrated in the attached drawings, wherein 

Fig. 1 is a side view of a floating wind power station with a tower non-rotationally 
anchored via a tension leg and with a machine house pivotally connected to the 
tower; 

10 Fig. 2a is a side view, on- the same scale as Fig. 1 , of a floating power station, 
where a tower axis of rotation is at right angles to a rotor axis of rotation and 
where the tower is stabilised by means of stays and provided with aerodynamic 
covers; 

Fig. 2b shows on a larger scale a cross-section taken along the Une II-H through the 
15 tower in Fig. 2a; 

Fig. 2c is a side view, on the same scale as Fig. 1, of a floating wind power station, 
where the tower axis of rotation is at an angle to the wind direction; 

Fig. 3 shows on a larger scale a longitudinal section through a connection between 
a tower with an inclined swivel joint, a freely bendable universal joint and a 
20 tensioned anchor leg; 

Fig. 4 shows on the same scale as Fig. 3 a longitudinal section through an 
alternative connection between a tower having a straight swivel joint, a freely 
bendable universal joint and a tensioned anchor leg. " 

Reference is first made to Fig.l where the reference numeral la indicates a floating 
25 wind power station wherein a tower 2 is non-rotationally anchored to the seabed 5 
by means of a tensioned anchor leg 7 and an anchor 8, and wherein an uppfer part 8 
of the tower 2 projects above the surface of the sea 1 1. A machine house 12 is 
pivotally connected to the upper part 8 of the tower 2. A rotor 14 has a rotor axis 
of rotation 16 at right angles to the centre axis of the tower 2. An arrow 19 marks 
30 the direction of the wind towards the wind power station. 

Reference is next made to Figs. 2a-3, wherein the reference numeral lb indicates a 
floating wind power station according to the invention wherein a tower 3 is - 
anchored to the seabed 5 by means of the tensioned anchor leg 7 and the anchor 8, 
and wherein an upper part 9 of the tower 3 projects above the surface of the sea 11. 
35 A machine house 1 3 is non-rotationally connected to the upper part 9 of the tower 
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3. A rotor 15 has an axis of rotation 17 at right angles to the centre axis of the 
tower 3. The arrow 19 indicates the wind direction towards the wind power 
station. 

The tower 3 is connected to the tensioned anchor leg 7 by an articulation 23. 

5 The articulation 23 comprises a swivel joint 27a and a universal joint 25. The 

swivel joint 27a is attached to the lower part 21 of the tower 3 at an angle so that a 
tower axis of rotation 29 intersects the rotor axis of rotation 17. The swivel joint 
27a is pivotally fastened to a bearing house 31 by means of a ball bearing 33 and 
axial locking means (not shown) on the swivel joint 27a and in the bearing housing 
10 33. The bearing housing 3 1 is fixed to the upper section 35 of a universal joint 25. 
A seal 34 is located below the bearing 33 and seals an annular space 32 between 
the swivel joint 27a and the bearing housing 31. 

The universal joint 25 forms a torsion-proof connection to the tension leg 7. 

A casing 37 is fastened to and seals tightly around the fastening point of the swivel 
15 joint 27a to the lower part 2 1 of the tower 3 and essentially surrounds the bearing 
housing 31. A seal 39 is placed. below the bearing 33 and closes an annular space 
40 between the casing 37 and the bearing housing 31. The annular spaces 32 and 
40 conmiunicate via the bearing 33 and are filled with a bearing lubricant. 

The casing 37 is provided with motor supports 41 and several hydraulic motors 43 
20 which via a drive gear 45 are engaged with a rim gear 47 fastened to the bearing 

housing 3 1. The motors 43 are connected to a drive unit (not showii) and a control 
system (not shown). 

In an alternative embodiment shown in Fig. 4 the centre axis of a swivel joint 27b, 
i.e., the tower axis of rotation 29 is coincident with the centre axis of the tower 3.' 

25 The swivel joint 27a, 27b has an open central passage 51. The universal joint 25 
and the tension leg 7 also have open central passages 53 and 55 for running cables 
to the wind power station (not shown). . . 

According to Fig. 2a, the tower 3 is provided with a tension rod 6 1 connected to 
the upper and lower parts 9, 21 of the tower 3 and held stretched out by two 
30 outriggers 63 that are fastened to the tower 3, and which in one embodiment of the 
invention project out firom the windward side of the tower ±30 degrees relative to 
a plane coincident with the wind direction and/or wave direction. 

The upper part 9 of thfc tower 3 is shaped aerodynamically, i.e., with a non-circular 
cross-section. The upper part 9 of the tower may be provided with aerodynamic 
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screens 71 preferably partially rotatable about the tower 3, and may be designed to 
reduce the turbulence of the wind (19) on the leeward side of the tower (3). 

The tower 3 floats essentially upright and is held in position by anchoring to the 
seabed 5 under tension of the tension leg 7. 

5 The universal joint 25 ensures that the swivel joint 27a or 27h does not absorb 
bending moment. 

The swivel joint 27a or 27b and its support 31, 33 ensure that the tower 3 can turn 
freely about the tower axis of rotation 29 and take up a direction that corresponds 
to the wind direction. 

10 By determining the direction of the tower axis of rotation 29 relative to the rotor 
axis of rotation 17 and the resultant point of application of the wind forces on the 
rotor 15, it is possible to determine how the tower will be positioned relative to the 
wind direction. 
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Setting the tower axis of rotation 29 to intersect the rotor axis of rotationl? in front 
of the rotor 15, when seen with the rotor in front of the machine house 13 (as 
shown in Fig. 2c), will result in the wind turning the tower 3 to stand with the rotor 
on the windward side of the tower. This may be desirable if the intention is to use 
an upwind rotor 15, which is most technically and coinmercially available today. 

Since the casing 37 seals around the junction between the swivel joint 27a or 27b 
and the tower 3, fewer demands may be made asregards the quality of the seals 34 
and 39 if a bearing lubricant that is lighter than water is used. Because of the 
central opening 53 in the universal joint 25, the water pressure on the seals 34, 39 
is equal, and the water pressure alone is capable of holding the bearing lubric^t in 
place in the annular spaces 33, 40 defined by the casing 37 and the swivel joint 27a 
25 or 27b. 

Since the power transmission cables (not shown) only tolerate a limited degree of 
• twisting, the motors 43 are used,, after the tower has rotated a certain number of 
times with the wind, to cause the tower 3 to rotate back to a position of neutrality 
for the'cables. The motors 43 can also be used to dampen or stop the rotational 
30 motion of the tower. 



